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Abstract— An average power sharing control strategy for 
parallel operation of voltage source inverter (VSI) based modular 
Uninterruptible Power Systems (UPSs) is proposed in this paper. 
The presented method is based on a modified droop control. The 
proposed method conquers the drawback of conventional droop 
plus virtual impedance control, and at the same time some 
challenges in the real applications have been considered. Such as 
the mismatch of output impedance of the parallel modules, the 
different calibration accuracy of the sample circuit, and the offset 
of the voltage reference from the control unit. Simulation has 
been presented in order to verify the effectiveness of the proposed 
control methodology under these three different conditions. The 
simulation results demonstrate that a better power sharing 
performance is obtained and successfully prevent of negative 
power which can protect the DC bus.  
Keywords—droop control; virtual impedance;modular 
uninteruptible power system; power sharinig; circulating current. 
I.  INTRODUCTION 
Voltage source inverters (VSIs) are widely used in 
industrial applications [1-4], which is commonly adopted for 
the Uninterruptible Power Systems (UPSs). UPS is always 
applied as a reliable power provider, especially for the critical 
loads, such as distributed generation (DG) systems, high power 
electric drives, high speed elevators, and data base center that 
cannot afford power loss [5].  
The modular design concept of UPS appeared at later 1990s 
[5]. The basic idea is that in a modular UPS, it contains two or 
more converter modules working in parallel to feed power to 
the loads. The modular concept has some advantages, such as 
increasing the power capacity regardless the rating limited of 
switching devices, increasing the flexibility, reliability and 
maintainability of power supply systems to meet the 
requirements of customers. And some redundant power 
modules can be put in a modular UPS to ensure high 
availability: When one power module fails, another one can be 
enable to continue supplying power to loads [6]. 
As mentioned above, in a modular UPS, the converter 
modules work in parallel with each other, one of the important 
issue that should be considered is the average power sharing 
[7]. Worse power sharing performance will lead to serious 
circulating current problem and cause different current stress 
on the switching devices. And in some worse cases, if the 
circulating current is big enough, it will lead to negative current 
to threaten the safety of DC bus and significantly decrease the 
lifetime of higher power output modules. So average power 
sharing is an important issue to be considered in a modular 
UPS.  
A traditional current-sharing solution is the frequency and 
voltage droop method [8], [9]. As one of the decentralized 
control methods, droop control is suitable for modular design 
of the UPS. The main idea of the droop control is to regulate 
the voltage and the frequency by regulating the reactive and the 
active power respectively which can be sensed locally. The 
droop control method has many desirable features such as 
expandability, modularity, redundancy, and flexibility. 
But the droop-method performance is particularly sensitive 
to the output impedance of the parallel inverters [8]. Virtual 
impedance is proposed in [9] to modify the output impedance, 
contributing to good power-sharing accuracy. However, in a 
practical paralleled inverters system, it is difficult to design 
proper virtual impedance [10]. And if poorly designed or 
implemented, the virtual impedance may introduce current 
distortions and adversely affect the system stability and 
dynamics [11]. And in the real applications, like the modular 
UPS, even it is the same model, the converter modules cannot 
be exactly the same, such as the output impedance, the 
accuracy of the voltage and current sample circuit, that is why 
that a calibration of the units is necessary before working in 
parallel. The calibration work is mainly to make sure that the 
voltage and current sample circuits have the same accuracy, 
feedback a same value for a common voltage or current. But a 
perfect calibration cannot be guaranty since the working 
environment or the line impedance may change. There is 
another case should be considered. Now almost all the UPS are 
controlled by digital signal processers (DSP), since the control 
boards are independent among the parallel units, maybe there is 
offset between the settings or control parameters in the control 
boards. As a perfect calibration cannot be guaranty, the offset 
of the settings in the digital control board should also be 
considered. For a voltage controlled inverter, the voltage 
reference is one of the important parameter in the control. 
So in this paper, 3 main cases are considered to simulate the 
real UPS hardware. 
1) The unmatched set of virtual impedance to simulate the 
different output impedance of different modules. 
2) A worse calibration of voltage sample circuits. 
 3) The unmatched set of voltage reference to imitate the 
inner offset of the digital controller (DSP). 
In order to solve the problems of above mentioned control 
strategies, this paper presents a control strategy based on the 
modified droop control. Compared with the conventional droop 
control, the average power among the parallel modules has 
been used to modify the droop function, by this modification, 
the droop control can adjust the voltage quickly based on the 
difference between the output power of local module and the 
average power of the parallel modules. And simulation has 
been done considering the 3 cases mentioned above. And the 
modular UPS was built with three-level nutria point clamped 
(NPC) inverter, the topology is shown in Fig.1. Compared with 
the conventional droop, a better average power sharing 

























Fig. 1.  Topology of the NPC inverter. 
This paper is organized as follows: In Section II, the 
concept of the traditional droop control is briefly introduced 
firstly, then the idea of the modified droop control is given and 
the circulating current analysis for paralleled current source 
inverters is discussed. In Section III, simulation results are 
implemented which verify the effectiveness of the presented 
idea. The conclusions are given in Section IV. 
II. THE PROPOSED CONTROL STRATEGY 
A. The concept of the traditional droop control 
The output impedance of the closed-loop inverter 
determines the droop control strategy [10]. The conventional 
droop schemeP w-  and Q V-  is often adopted. With the 
droop control, the frequency and the amplitude of the inverter 
output-voltage reference can be expressed as [14]: 
*
p
m Pw w= -                                       (1) 
*
q
E E mQ= -                                       (2) 
where *w and *E are the output voltage reference frequency 
and amplitude, mp and mq are the droop coefficients [12], [13]. 
And for the conventional droop control scheme, a highly 
inductive output impedance at fundamental frequency is 
required to decouple the influence of P and Q to the frequency 
and voltage amplitude [13]. 
But based on the filter topology used in this paper and 
chosen of the control parameters and the virtual resistance, the 
output impedance is more resistive. So the droop function will 
be modified as: 
*
q
mQw w= +                                       (3) 
*
p
E E m P= -                                       (4) 
The active power can be controlled by the inverter output-
voltage amplitude while the reactive power can be regulated by 
the inverter frequency, which is the opposite strategy of the 
conventional droop method. More details about the chosen of 
droop function and the analysis of output impedance can be 
found in [12], [13], [15].  
B. The proposed modified droop control loop 
In this paper, in order to have a better power sharing 
performance among the parallel modules in a modular UPS 
under different conditons, the 3 cases mentioned above, to 
increase the stabolity of the system, a very simple modification 
has been done to the P/V droop function. 
The modified droop control is shown in (5) and (6), in 
which Pav and Qav are the average active power and reactive 
power of the parallel modules respectively, P and Q are the 
active power and reactive power of the local module. With this 
modification, the difference between the active and reactive 
power of the local module and the average active and reactive 
power of parallel modules are considered in the control, so a 
faster and better power sharing can be obtained among the 
paralle modules. 
The functions are simple, but there is still something to be 
noticed. As we know, one of the reason of unbalaced active 
power sharing is the unbalaced output voltage, higher voltage 
lead to higher output current. Through the function (5), one can 
notice that, if the active power P of the local module is lower 
than the average active power, with the additional part of the 
modified the droop function, the conventional droop function 
will be added a positive value to increase the output voltage 
which lead to a higher ouput current. So with proper control 
parameters, a better active power sharing performance can be 
obatined. And for the 3 different cases mentioned above, all of 
them will lead to unmatched output voltage, such as the reason 
of different voltage drop on the virtual impedance, the 
unmatched of voltage sample circuit, the different setting of 
voltage reference because of the offset of the digital controllers. 
And with funciton (6), the frequency (angel) of the output 
voltage can be ajusted by the average and local reactive power, 
which can gurantee a better reactive power sharing and at the 
same time a better sychnization performance is obtained.  
* ' ( )
p p av
E E m P m P P= - + -                    (5) 
* ' ( )
q q av
mQ m Q Qw w= + + -                    (6) 
C. Analysis of the circulating current 
This paper takes a UPS system contains 3 inverter modules 
for an example to verify the effectiveness of the proposed 
method. According to literature [13], the circulating current Icir 
can be defined as: 
( ) / 2cir 1 2I = I - I                                   (7) 
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Fig. 2.  The block diagram of the control structure with the modified droop control. 
Assuming that the output impedances of the parallel 
inverters are equal to each other, Z1=Z2=Z, then the circulating 
current can be calculated as: 
( - ) / 2cir 1 2I E E Z=                                  (8) 
III. SIMULATION RESULTS 
In order to verify the effectiveness of the proposed control 
strategy, a UPS model consists of three inverter modules was 
built in PLECS, using the modified droop control method. 
Three different cases were considered in the simulation to 
imitate the circumstances of the real hardware platform. The 
parameters of the simulated modular UPS platform are shown 
in Table I.  
It should be noticed that a dynamic test is set in the 
simulation to verify the reliability of the control. At the very 
beginning, three modules were working, at time 0.08s, one of 
the modules was powered off, and at the time 0.15s, it was 
restart to feed power to the load. 
TABLE I 
PARAMETERS SETTING OF DIFFERENT CASES 








Module 1 0.3 Ω 1.0 230*1.01V(RMS) 
Module 2 0.2 Ω 0.9 230V(RMS) 
Module 3 0.4 Ω 1.1 230*0.99V(RMS) 
3.1 Test with all the same parameters of three cases. 
Fig.3 to Fig.5 were shown the simulation results under ideal 
condition with all the same parameters of three modules. From 
the results, one can notice that with the proposed control, an 
average active and reactive power sharing performance was 
obtained under dynamic test which verified the effectiveness of 
the proposed control method. 
 
Fig. 3. Simulation results of the modular UPS under same parameters. 
 
Fig. 4. Circulating currents among three modules under same parameters. 
 
Fig. 5. Output power of three modules under same parameters. 
3.2 Simulation results of Case1. 
The case1 simulation is to imitate the different output 
impedances of the real hardware modules. One can notice that, 
compared with the conventional droop control, a much better 
power sharing performance was obtained with the proposed 
control method.  
3.2.1 Simulation with conventional control method. 
 
Fig. 6. Simulation results under case1 with the conventional control. 
 
Fig. 7. Circulating currents among three modules under case1 with 
conventional control. 
 
Fig. 8. Output power of three modules under case1 with conventional control. 
3.2.2 Simulation with proposed control method. 
 
Fig. 9.  Simulation results under case1 with the proposed control. 
 
Fig. 10.  Circulating currents among three modules under case1 with proposed 
control. 
 
Fig. 11.  Output power of three modules under case1 with proposed control. 
3.3 Simulation results of Case2. 
In order to simulate the sample circuit of the real UPS 
platform, in this section, a worse voltage calibration 
circumstance is set with different voltage calibration 
parameters. Up to 20% difference of voltage sample as shown 
in Table I. Actually this a huge difference which will lead to a 
very different output power. As mentioned in some datasheets 
of the industrial products, the calibration will be optimized 
within 1% for different modules.  
From the simulation results, one can notice that, with the 
conventional droop control, one of the three modules absorbed 
active power from the other two modules which will threaten 
the safety of the DC bus of this module, and the output active 
power of the three modules was totally different. And there 
was big current distortion. And also, one can notice that, a 
much better average power sharing performance and sinewave 
output currents were obtained in the working modules with the 
proposed control method. 
3.3.1 Simulation with conventional control method. 
 
Fig. 12. Simulation results under case2 with the conventional control. 
 
Fig. 13. Circulating currents among three modules under case2 with 
conventional control. 
 
Fig. 14. Output power of three modules under case2 with conventional 
control. 
3.3.2 Simulation with proposed control method. 
 
Fig. 15. Simulation results under case2 with the proposed control. 
 
Fig. 16. Circulating currents among three modules under case2 with proposed 
control. 
 
Fig. 17. Output power of three modules under case2 with proposed control. 
3.4 Simulation results of Case3. 
In case3, three different voltage references were set in the 
simulation to imitate the offset of the digital signal processor 
(DSP), the different ratio is up to 2% as shown in Table I. The 
simulation results were also verified the effectiveness of the 
proposed control method; an average power sharing 
performance was obtained. 
3.4.1 Simulation with conventional control method: 
 
Fig. 18. The reference voltages of three modules under case3. 
 
Fig. 19. Simulation results under case3 with the conventional control. 
 
Fig. 20. Circulating currents among three modules under case3 with 
conventional control. 
 
Fig. 21. Output power of three modules under case3 with conventional 
control. 
3.4.2 Simulation with proposed control method. 
 
Fig. 22. Simulation results under case3 with the proposed control. 
 
Fig. 23. Circulating currents among three modules under case3 with proposed 
control. 
 
Fig. 24. Output power of three modules under case3 with proposed control. 
IV. CONCLUSION 
Modular UPS is more and more attractive in industrial 
applications for higher reliability demand, and the average 
power-sharing performance is necessary. A modified droop 
control method was proposed in this paper for the control of 
modular UPS. A simulated UPS containing three inverter 
modules was designed with the simulation software PLECS. 
And three different cases were set to imitate the real platform 
to verify the stability of the proposed control. The simulation 
results demonstrate that, compared to the conventional droop 
control, the circulating current among the parallel modules can 
be effectively suppressed under different cases, and a better 
average power sharing is obtained with the modified droop 
control. More analysis and test will be done in the future work 
with the real UPS platform. 
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